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TITLE OF THE INVENTION 

c ■ 

SUSPENSION OR PARTICLE-SOLVENT MDmjRE SYSTEM 
3 ZINC-CONTAIMNG CALCIUM PHOSPHATE mCROPARTICLE,AND 

THERAPEUTIC AGENT FOR TREATING ZINC DEFICIENCY 

Field of the Invention 

The present invention relates to a suspension or particle-solvent mixture 
system which contains zinc-containing calcixmi phosphate with particular chemical 
composition, specifically, sparingly soluble zinc-containing calciimi phosphate. The 
present invention also relates to a therapeutic agent for treating diseases or 
deficiency state caused by zinc deficiency or marginal zinc deficiency such as bone 
disease, dermatophathia, dysgevisia or immunopathy. The therapeutic agent 
contains, as an active ingredient, sparin^y soluble zinc-containing caldvun 
phosphate which provides sustained release of zinc, and is useful for treatment of 
diseases or deficiency states caused by zinc deficiency or marginal zinc deficiency. 

Backgroxmd of the Invention 

Zinc is known to stimulate osteoblast as well as suppress osteoclast activity 
In VIVO (see. Res. Exp. Med. 186, 337, 1986; Bio. Pharmacol., 36, 4007, 1987; Biochem. 
Pharmacol., 48, 1225, 1994; J. Biomed. Mater. Res. 50, 184, 2000). These activities 
indicate the ability of zinc to promote ossification. 

It is also known that shortage of zinc leads to many diseases or deficiency 
states, including promoted bone resoiption, reduced osteogenesis, dermatophathia, 
dysgeusia or immunopathy (see, Endocrinol. 114, 1860, 1984; Newer trace elements 
in nutrition, p.255, 1971; Am. J. Clin. Nutr., 68, 447S, 1998). 

For health maintenance, it is said that an adult reqviires about 15mg of zinc 
per day. A hfestyle that involves an unbalanced diet or a high fi*equency of 
consviming processed foodstufis makes it difl5cult for an adult to take the amount of 
zinc to be required. Accordingly, zinc tends to be one of the metal elements in which 
adults are deficient. Recentiy, it has been reported that the population of patients 
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with dermatopathia or dysgeusia is increasing. 

Examples of methods for compensating for a deficiency in zinc include those 
using zinc chloride, zinc sulfate, zinc phosphate, zinc hydrogenphosphate 
(PCT/US91/05496), zinc oxide (08.12.88 AU 1849/88), zinc acexamate (Japanese 
Patent AppUcation Laid-Open No. Hei 10—218767), L- camosine zinc salt (Japanese; 
Patent Application Laid-Open No. Hei 3-120257), alanyl-L-histidinato zinc 
(12.04.91GB910783), amino add chelates (PCT/US87/00310), zinc citrate, zinc 
glydnate (12.04.91GB9107833) or water soluble zinc compound (Japanese Patent 
Apphcation Laid-Open No. Sho 61—282317). In these methods, it is proposed that 
the above-described compound is administered orally or parenterally as a drug. 

Administration of these conventionally known compoimds for treatment, 
however, causes sudden elevation of zinc level within the tissue in the vicinity of the 
site to which the compound is administered (e.g., in buccal cavity, gastrointestinal 
tract or injection site) or in the affected tissue, followed by gradual decrease in the 
zinc level with time. Such a di-amatic change in zinc level is repeated every time 
the compound is administered. Too high zinc level in the tissue in the vicinity of the 
site of administration (e.g., in buccal cavity, gastrointestinal tract or injection site) or 
in the affected tissue, i.e., overdose of zinc, sometimes causes a side-effect (toxicity), 
resulting in an xmdesirable effect. 

Accordingly, we developed, after intense study to overcome the disadvantages 
in the prior art, a novel zinc-containing calciimi phosphate ceramics for slowly 
releasing zinc which contained a reduced amount of zinc and provided long-term 
sustained release of a constant amoimt of zinc, thereby preventing overdose of zinc 
(see, Japanese Patent No. 3,143,660; U. S. Patent No. 6,090,732). This ceramics 
enables sustained release of zinc, thereby preventing uptake of an excess amoimt of 
zinc. Additionally, this ceramics have high biocompatibility and thus can be used as 
a sm-gical implant material for hard tissue. Accoi'dingly, this ceramics was able to 
solve the above-mentioned problems. 

This zinc-containing calcium phosphate ceramics which provides sustained 
release of zinc can continuously release a non-excess amoxmt of zinc slowly over a 
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long period of time iii the site in need of zinc as long as the ceramics is present in a 
body. Moreover, since this ceramics has biocompatibihty, it has enabled appropriate 
treatment of zinc-related diseases such as zinc deficiency. However, a process for 
manufactiiring such a zinc-contaiiiing calciimi phosphate ceramics which provides 
sustained rielease of zinc involves shape-forming and sintering steps. Therefore, the 
process is very comphcated, and when such a ceramics is used, it is required to make 
operative invasions of the body of the patient, and to fix the ceramics to a particular 
part of the body. 

Summary of the Invention 

An object of the invention is to provide a therapeutic agent which enables 
treatment of zinc deficiency without requiring operative invasions by preparing a 
suspension or a particle-solvent mixture system that contains microparticles of 
sparingly soluble zinc-containing calcium phosphate which provides sustained 
release of zinc, and then formulating it into any dosage form including those for oral 
administration or injection, plasters, suppositories or ointments. 

We succeeded in preparing a suspension or partide-solvent mixture system 
by preparing a sparingly soluble zinc-containing caldxmi phosphate compotmd with 
a predetermined low level of zinc, granulating the compoimd, and dispersing and 
suspending the granules into a hquid. By administering the suspension or 
partide-solvent mixture system to an animal such as rat, continuous sustained 
release of zinc can be provided in its body without administering an excess amoimt 
of zinc, thereby supplementing the body with zinc. We also foimd that such a 
suspension has high biocompatibihty after administration. 

Based on these findings, we invented a therapeutic agent for treating zinc 
deficiency in the present invention by suspending micropaiticles of sparingly soluble 
zinc-containing caldum phosphate in a solvent to prepare a suspension or 
particle-solvent mixture system. The therapeutic agent has the following 
advantages- 

- it can be administered to supplement a body with zinc; 
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- pailicularly, it can slowly release zinc over a long period of time to supplement the 
body with zinc without administering an excess amovint of zinc; and 

- it has biocompatibility with cells and tissues when used in vivo. 

The present invention provides^ 

(1) a suspension or particle-solvent mixtm^e system which comprises a hquid 
containing a microparticle of zincxontaining calcium phosphate consisting of 
from 0.6 ppm to 13% by weight of zinc, 33-57% by weight of P2O5, 10-65% by 
weight of CaO and 0-28% by weight of H2O; 

(2) a suspension or partide-solvent mixture system which comprises a Uquid 
containing a microparticle of zinc-containing calcium phosphate consisting of 
from 120 ppm to 13% by weight of zinc, 33-57% by weight of P2O5, 10-65% by 
weight of CaO and 0-28% by weight of H2O; 

(3) the suspension or particle-solvent mixtxire system according to (l) or (2) 
above wherein said microparticle of zinc-containing calcium phosphate is one 
or more compounds selected from the group consisting of zinc-containing 
hydroxyapatite, zinc-containing poorly-crystallized apatite, zinc-containing 
a-tricaldum phosphate, zinc-containing iS -tricaldxmi phosphate, 
zinc-containing caldirai hydrogenphosphate, and CaZn2(P04)2 ' nH20 
(0<n<2); 

{4} the suspension or partide-solvent mixtm^e system according to any one of 
(l)-(3) above, wherein at least one osteogenic compoxmd selected from the 
group consisting of vitamin D, a -calddol, estrogen-related preparations, 
caldtonin, bisphosphonate and caldum containing preparations is further 
contained; 

(5) the suspension or particle-solvent mixtm^e system according to any one of 

(l)-(4) above, wherein said hquid is a water-miscible solvent selected from the 
group consisting of physiological saline solution, an aqueous solution of 2.5% 
by weight or less of sodium chloride. Ringer's solution, pmified water, 
distilled water for injection, distilled water, physiological salt solution. 
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propylene glycol, ethanol, and a mixture of propylene glycol or ethanol with 
one or moi^e of these solutions or waters; 

(6) the suspension or particle-solvent mixture system according to any one of 
(l)-(4) above, whei^in said liquid is selected from the group conisisting of 
polyethylene glycol (Macrogol) and water-immisdble solvent including 
triglyceride, saflQower oil, soybean oil, sesame oil, rape seed oil and peanut oil; 

(7) the suspension or particle-solvent mixture system according to any one of 
(l)-(6) above wherein said suspension or particle-solvent mixtm-e system is 
used for a therapeutic agent for treating zinc deficiency; and 

(8) the suspension or particle-solvent mixture system according to (4) above, 
wherein said suspension or partide-solvent mixture system is used for a 
therapeutic agent for treating zinc deficiency and osteogenetic agent. 

This specification includes part or all of the contents as disclosed in the 
specification and/or drawings of Japanese Patent AppUcation No. 2000*333932, 
which is a priority document of the present apphcation. 

Brief Description of the Drawings 

Figure 1 shows the effects of intramuscular injection of a suspension of 
zinc-containing jS -tricalcivim phosphate microparticles containing 6. 17% and 12.05% 
by weight of zinc on the bone density of rats with zinc deficiency- type osteoporosis. 

Figure 2 shows the effects of intramuscular injection of a suspension of 
zinc-containing 13 -tricalcium phosphate micropai-ticles containing 6.17% and 12.05% 
by weight of zinc on the bone strength of rats with zinc-=deficiency-type osteopoix>sis. 

Figm-e 3 is a photographic view showing the tissue ftom rats with 
zinc"deficiency-type osteoporosis one week after a suspension of zinc-containing 13 
-tricalciimi phosphate microparticles containing 12.05% by weight of zinc was 
intramuscularly injected. 

Figure 4 is a photographic view showing the tissue fi'om rats with 
zinc-deficiency-type osteoporosis one week after a suspension of zinc-firee iS 
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-tricaldvim phosphate micropartides was intramuscxilarly injected. 

Detailed Description of the Invention 

The suspension or the partide-solvent mixture system according to the 
present invention contains micropartides of zinc-containing caldum phosphate with 
particvilar chemical composition, specifically, micropartides of sparingly soluble 
zinc-containing calciimi phosphate compounds. 

As used herein, the term "suspension" means a hquid containing partides 
that sediment at a sedimentation velodty of 0. 1 cm/s or smaller. At this range of 
sedimentation velodty, it takes 80 seconds or more for the partides ia the Uquid to 
move downward (sink) a distance of 8 cm vertically through the hquid. 

As used herein, the term "partide-solvent nuxture system" means a Uquid in 
which all particles sediment at a sedimentation velodty larger than 0.1 cm/s. At 
this range of sedimentation velodty, it takes less than 80 seconds for the particles in 
the Uquid to move downward (sink) a distance of 8 cm verticaUy through the Uquid. 

As used herein, the term "sparingly soluble caldum phosphate" means 
caldum phosphate that has solubiUty of less than 0.05 mol per Uter (caldum 
concentration) in water at pH7 at 25*C Caldvim phosphate is sparingly soluble 
except for monocalcium phosphate and monocalciimi phosphate monohydrate. The 
sparingly soluble calcium phosphate includes calcium hydrogenphosphate, 
octacaldiom phosphate, amorphous calcium phosphate, tricalcium phosphate, 
whitlockite, hydroxyapatite, caldmn defident hydroxyapatite, tetracaldiun 
phosphate and the mixtures thereof. TVicaldum phosphate indudes a -tricalcium 
and jS -tricaldum phosphate. 

As used herein, the term "calcium phosphate" me£Lns caldum phosphate 
including sparingly soluble calcium phosphate as described above and soluble 
calcium phosphate with solubiUty of 0.05 mol per Uter or more (caldima 
concentration) in water at pH7 at 25^^. 

As used herein, the term "caldum hydrogenphosphate" means caldum 
hydrogenphosphate dihydrate, caldum hydrogenphosphate hemihydrate and 
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calcium hydrogenphosphate anhydrate. 

As used herein, the term "poorly-crystallized hydroxyapatite" refers to 
hydroxyapatite that is precipitated fi-om a liquid at a temperatm^e lower than lOO'C 
and that is unheated or heated at TOO'C or lower after the precipitation. The liquid 
from which the poorly-crystallized hydroxyapatite precipitates includes aqueous 
solution, nonaqueous solvent and the mixtures thereof. 

The sparingly soluble zinc-containing calcium phosphate compound can be 
synthesized by using phosphate component, calciimi component, zinc component, 
and optionally H2O component. 

Particvdarly, it can be obtained by subjecting calcium compoimd or ion, 
phosphate compound or phosphate ion, and zinc compound or ion to solid or liqtiid 
phase reaction or to mechanochemical reaction. 

For solid phase reaction, phosphate source, calcium source and zinc source 
may be allowed to react at a high temperature. Particulai' examples of phosphate 
source includes ammoniimi phosphate, calcium phosphate, phosphoric acid 
anhydride, calciimi hydrogenphosphate, glycerophosphoric add and calcium 
glycerophosphate. Examples of calcixmi source includies calcium carbonate, calcium 
hydroxide, caldimi phosphate, calcium oxide, calciimi nitrate, calcium 
glycerophosphate, calcixmi lactate, calcium acetate and caldvmi ethoxide. 
Examples of zinc source includes zinc oxide, zinc nitrate, zinc phosphate, zinc 
carbonate, zinc hydroxide, zinc lactate and zinc acetate. Zinc-containing caldvmi 
phosphate itself may also be used as a source. 

For mechanochemical reaction, phosphate sovirce, caldvun source and zinc 
source may be subjected to mechanochiemical reaction by grinding or crushing, and 
optionally heated. Phosphate source, caldum source and zinc source which can be 
used may include those described above for solid phase reaction. Zinc-containing 
calcium phosphate itself may also be used. 

For liquid phase reaction, any phosphate source may be used which, when 
dissolved in water, can release phosphate ion in an acidic or neutral aqueous solution. 
Particular examples of such phosphate source indudes phosphoric add anhydride. 
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phosphoric add and phosphate. Phosphoric acid may be used after purification 
with organic solvent such as alcohol since it may generEtUy contain impm-ities. 
Phosphates include potassium phosphate, ammonium phosphate, calciimi 
dihydrogenphosphate, glycerophosphoric add, caldum glycerophosphate and 
calcium phosphate. 

Any caldum source may be used which, when dissolved in water, can release 
calcium ions in a neutral or acidic aqueous solution. Particular examples of such 
calcixmi sovirce includes calcivim hydroxide, calciimi carbonate, calcium phosphate, 
caldimi nitrate, caldvma chloride, caldum glycerophosphate, caldimi lactate and 
caldum acetate. 

Any zinc source may be used which, when dissolved iri water, can release zinc 
ions in a neutral or acidic aqueous solution. Particular examples of such zinc source 
may include zinc nitrate, zinc hydroxide, zinc oxide, zinc carbonate, zinc acetate and 
zinc lactate. Zinc-containing caldum phosphate itself may also be used as a zinc 
source. 

Target products can also be obtained by adding zinc compovmd to a solution 
which precipitates calcivmi phosphates such as hydroxyapatite. 

For preparing sparingly soluble zinc-containing caldum phosphate by liquid 
phase reaction, sol-gel process using alcohol may be used in place of the 
above-described aqueous solution reaction process. For example, calciiom ethoxide, 
phosphoric acid and zinc acetate are allowed to react in alcohol umder nitrogen 
atmosphere. 

Examples of sparingly soluble zinc-containing caldum phosphate compoimd 
obtained by sohd phase or mechanochemical reaction using the above-desdibed 
phosphate, caldum and zinc sources may indude zinc-containing poorly-crystallized 
apatite, zinc-containing hydroxyapatite, zinc-containing a-tricalcium phosphate, 
zinc-containing jS -tiicaldum phosphate or CaZn2 (P04)2 •nH20 (n=0), and a mixtm^e 
of at least two of these compounds. 

Liquid phase redaction using the above-described phosphate, caldum and zinc 
sources may give precipitate comprising sparingly soluble zinc-containing calcitun 
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phosphate compoxmd. Examples of the thus obtained compound includes 
zinc-containing hydroxyapatite, zinc-containing poorly-ciystallized apatite, 
zinc-containing /3 -tricalcirmi phosphate, zinc-contaming calcium hydrogenphosphate, 
zinc-containing amoiphous caldxmi phosphate or CaZn2 (P04)2'nH20 (l<n<2), and a 
mixture of at least two of these compounds. 

Mixing the phosphate, caldxmi and zinc sources at a (Ca+Zn)/P molar ratio of 
0.61 or lower may give precipitate consisting of soluble zinc-containing calcitma 
phosphates such as zinc-containing monocalciiun phosphate, zinc-containing 
monocalciima phosphate monohydrate or the mixtures thereof. In this case, the 
soluble zinc-containing caldimi phosphate can be converted into sparingly soluble 
zinc-containing caldiun phosphate including zinc-containing calciirai phosphate 
glass and zinc-contairdng caldimi metaphosphate by heating the soluble 
zinc-containing calcium phosphate at 200 °C or higher to obtain zinc-containing 
calcium metaphosphate, and at 980 ""C or higher to obtain zinc-containing caldimi 
phosphate glass. 

Sparingly soluble zinc-contaming caldimi phosphate used in the present 
invention may contain zinc at an amount of from 0.6ppm to 13% by weight, and 
preferably from 120ppm to 13% by weight. The amount of each of the source 
materials used may be selected such that the resulting target product contains a 
desirable amoimt of zinc. 

Product obtained by sohd phase or mechanochemical reaction using the 
above-described phosphate, caldirai and zinc som'ces may be then granulated. 
Product obtained by hquid phase reaction may be separated by filtration, dried, 
optionally heated, and then graniilated to form a micropartide. 

Tfemperature for the heating step in the above-desaibed solid phase reaction 
or after the liquid phase reaction depends on the particle to be formed. 
Microparticles of zinc-containing amorphous calcium phosphate, zinc-containing 
poorly-crystaUized apatite, zinc-containing calcium hydrogenphosphate, or CaZn2 
(POd2 • nH20 (n=l or 2) may be prepared without heating step. In this case, 
predpitates may be separated by filtration, dried, and then granulated without 
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heating step. This is because heating resvdts in conversion of zinc-containing 
amorphous calcium phosphate into zinc containing tricalciimi phosphate or 
zinc-containing poorly-crystallized apatite into zinc-containing hydroxyapatite, or 
dehydration of zinc-containing calci\mi hydrogehphosphate to produce calcium 
pyrophosphate with low biocompatibility or CaZn2 (POd2 • nH20 (n= 1 or 2) to 
produce CaZn2 (POdz- 

Heating step for preparing zinc-containing hydroxyapatite may be typically 
performed at 700-1200'C, and preferably at 700-lOOO'C in the presence of oxygen, 
since heating at temperatures below TOOtD may resvdt in zinc-containing poorly 
crystallized hydroxyapatite while heating at temperatures above 1200*C may result 
in decomposition of zinc-contaihing hydroxyapatite into zinc-containing a 
-tricaldum phosphate and/or zinc oxide phase. 

Heating step for preparing zinc-containing jS -tricalcium phosphate may be 
typically performed at 700-1250'C, and preferably at 700-1050'C in the presence of 
oxygen, since heating at temperatxires below TOO^C may residt in production of 
amorphous caldima phosphate or poorly-crystallized zinc-containing Ca-deficient 
hydroxyapatite. Upper limit of heating temperature may be determined depending 
on the phase-transition temperature at which zinc-containing jS -tricalcium 
phosphate is partially changed to zinc-containing a -tricalcium phosphate. The 
phase -transition temperature depends on the amoimt of zinc contained, e.g., IISO'C 
for 0 ppm, IISOX: for SOOppm, or 1250^: for 0.7% by weight of zinc. Heating at 
1250'C or higher may be possible for 0.7% by weight or higher of zinc but result in 
overgrowth of particle size, increase in crystallinity, and reduction in zinc-releasing 
rate with no particvdar advantage. Therefore, the heating temperature may 
preferably be within 7001250t:. 

Heating step for preparing zinc-containing Of -tricalcium phosphate may be 
typically perfoiTned at 1150-1500°C, and preferably at 1200-1450'C in the presence 
of oxygen. Heating at temperatm^es below 1150*C may not provide a single phase 
of zinc-containing a -tricalcium phosphate with zinc content of 0.6ppm or more but 
rather a single phase of zinc-containing 13 "tiicaldum phosphate or a mixtvire of 
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zincxontaining i3 -tricalcium phosphate and zinc'contaming a-tricalcivun 
phosphate. On the other hand, heating at temperatm^es above 1500T: will not 
produce any zihcxontaining a -tricalcium phosphate but merely zinc-containing 
super a -tricalcium phosphate as a stable phase regardless of the zinc content (E.R. 
Eric & FA. Hummel, Inorganic Chem., 6, 524, 1967). 

Heating step for preparing a micropailicle mixture of zinc-containing /3 
-tricalcium phosphate and zinc-containing a -tricalcium phosphate may be typically 
performed at 1150-1500'C, and preferably at 1150- 1400^0 in the presence of oxygen. 
This range was determined based on the range of temperature at which 
zinc-containing i8 -tricalcixmi phosphate is stably co-present with zinc-containing a 
-tricalcium phosphate, which is from 1130±5X: to 1500*C (E.R Eric & EA. Hummel, 
Inorganic Chem., 6, 524, 1967). 

Heating step for preparing a xnicroparticle mixture of zinc-containing i3 
-tricalciima phosphate and zinc-containing hydroxyapatite may be typically 
performed at 700-1200*C, and preferably at 800-1200T: in the presence of oxygen, 
since heating at temperatures below 700*C may provide zinc-containing 
hydroxyapatite with low ciystallinily while heating at temperatvires above 1200*C 
may result in decomposition of zinc-containing hydroxyapatite to produce 
zinc-containing a ^tricalcium phosphate and/or zinc oxide phase. 

Heating step for preparing CaZn2(P04)2 ' nH20(n= 0 ) may be typically 
performed at 400-1050'C, and preferably at eOO-lOSCC in the presence of oxygen. 
This range was determined since heating at 385'C or lower temperatvires may 
result in residual crystallized water of CaZn2(P04)2 -1^320 and co-presence of 
impurities sudi as CaZn2(P04)2 ' nH20(n=l or 2) or the hke, while heating at 
temperatm-es above 1050^0 may result in melting of CaZn2(P04)2'nH20 (n = 0) (B. 
Darko et al., Am. Mineralogist., 66, 843, 1981; E.R. Eric & FA. Hummel, Inorganic 
Chem., 6, 524, 1967). 

Heating step for prepaiing a micropaii:icle mixture of CaZn2(P04)2 *nH20(n= 
0 ) and zinc-contairdng jS -tricalcium phosphate may be typically peifoimed at 
700-1050*C, and preferably at 750-950*C, since heating at temperatm-es below 700*C 
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may result in production of amorphous calcium phosphate or poorly-crystallized 
zinc-containing Ca-deficient hydi'oxyapatite, while heating at temperatm^es above 
1050*C may result in melting of CaZn2(P04)2 * nH20 (n = 0 ). 

The thus obtained product may be grovmd in a grinder, sieved and elutriated 
to obtain micropartides of 0.1 u m-2000 Mm (particle size), and preferably of 5 /x 
m- 100 IJL m. Any suitable grinder can be used which can produce such a range of 
particle size. Typically, sieving may be employed to collect micropartides of 300 H 
m-32 M m (particle size). Particles smaller than 32 M m may be obtained by 
elutriating in water-misdble or immisdble solvent. 

As described above, sparingly soluble zinc-containing caldimi phosphate can 
be obtained as a single compoimd or a mixture of compounds. Particularly, it may 
be obtained as a compovind selected firom the group consisting of zinc-containing 
amorphous caldum phosphate, zinc-containing hydroxyapatite, zinc-containing 
poorly-crystallized apatite, zinc-containing a-tricaldum phosphate, zinc-containing 
jS -tricalcium phosphate, zinc-containing caldum hydrogenphosphate, and 
CaZn2(P0^2 '111120 (()<n<2); a mixture of at least two selected from these 
compounds; or a compoimd consisting of a particular one selected irom these 
compoimds which can be obtained by adding other compound(s) to the particular 
compound and converting other compound(s) to the particular one. 

According to the present invention, these compounds may be used alone or in 
combination. Therefore, these compounds can be used separately as a single phase 
or as a mixture without isolation. Each component can be identified by powder 
X-ray analysis. 

Composition of obtained product can be varied by the process for preparing 
sparingly soluble zinc-containing caldum phosphate compound according to the 
present invention using a variety of ratios of the source materials to be used. 
Further, a certain substance or substances can be added to the compoxmd to prepare 
micropaitides containing a pai-ticvdar substance. 

For example, caldum som-ce (calciima hydroxide) may be allowed to react 
with phosphate som'ce and zinc source (zinc nitrate) in water at a Ca'P^Zn molar 
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ratio of 1.53: 1.20^ 0.27-1.26: 1.20:0.54 and heated at 850*C in the air to obtain a 
mixtm^e of zinc-containing (S -tricalcivun phosphate and CaZn2(P04)2 as a powder of 
sparingly soluble zinc-containing caldiun phosphate. The thus obtained mixture 
may be then added with tricalcium phosphate and sintered for soHd phase reaction, 
resvdting in zinc"Containing jS -tricalcium phosphate powder. 

For example, calcixmi som-ce (calcivim oxide) can be allowed to react with 
phosphate source and zinc som'ce (zinc nitrate hexahydrate) in water at a mass ratio 
of (83.36: 97.99: 4.05)-(84.10: 97.99: 0.09) while keeping the molar ratio of 
(Ca+Zn)/P=1.50, and the resulting precipitate separated by filtration, dried and then 
heated in the air at 1400*C to obtain zinc-containing an a -tricalcium phosphate 
powder with 0.5% to 120ppm by weight of zinc. 

For example, calcium source (calcium hydroxide) can be allowed to react with 
phosphate source and zinc source (zinc nitrate) in water at a Ca:P:Zn molar ratio of 
1.996: 1.20: 0.004 to obtain a suspension of poorly-ciystaUized zinc-containing 
hydroxyapatite which contains 0.13% by weight of zinc. The suspension may be 
then added with hydroxyapatite powder, fully stirred, separated by filtration and 
heated at 850*C so that soUd phase reaction occurs between the hydroxyapatite and 
the poorly-crystalUzed zinc-containing hydroxyapatite containing 0.13% by weight of 
zinc, thereby obtaining zinc-containing hydroxyapatite powder which contains 
0.6ppm-less than 0. 13% by weight of zinc. 

For example, calcium source (calciimi hydroxide) can be allowed to react with 
phosphate source and zinc soim^e (zinc nitrate) in water while keeping the molar 
ratio of (Ca+Zn)/P=1.67 to obtain precipitate of zinc-containing poorly-crystallized 
hydroxyapatite up to 2.0% of Zn/Ca molar ratio. In this case, the zinc-CGntaining 
poorlyciystaUized hydroxyapatite may contain 1.3% by weight of zinc. Rapid 
reaction in water while keeping the molai' ratio of (Ca+Zn)/P =1.5 can give 
precipitate of zinc-containing amorphous calcium phosphate. 

For example, calcium source (calcium hydi'oxide) can be allowed to react with 
phosphate source and zinc som'ce (zinc nitrate) in water at room temperatm-e at a 
Ca:P:Zn molar ratio of 1:2:2, and separated by filtration to give CaZn2(P04)2' 
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iiH20(n=2). When the separated product is heated at 100-300*C, then 
CaZn2(P04)2'nH20(n=l or 2), or a mixtin^e containing CaZn2(P04)2 • nH20(n= 1 ) 
may be obtained. Alternatively, when the sepai'ated product is heated at 
400-1050X:, then CaZn2(P04)2 • nH2O(n=0) may be obtained. 

For exaraple, calcium source (calcium carbonate) may be allowed to react 
with phosphate source and zinc source (zinc nitrate) in water at room temperature 
at a Ca*P-Zn molar ratio of l"l'0.004-0.02 to obtain zinc-containing calciimi 
hydrogenphosphate dihydrate. 

The zinc-releasing rate of the compoimd according to the present invention 
may depend on the particle size of the compound when it is used las a zinc-releasing 
drug comprising the compoimd dispersed in a hquid. Particle size larger than the 
above-described range may result in the amount of zinc released being smaller. 
Further, a compoxmd of such a larger particle size may not be able to flow through 
the bore of a syringe needle or a catheter. As a result, operative invasion of the 
subject body may be required for parenteral administration. Only particles of the 
above-described range can provide a desirable releasing rate of a component such as 
zinc. Use of a smaller particle size than the above-described range may 
substantially result in colloidal solution, which may undesirably cause rapid release 
of zinc, adsorption and/or denaturation of biological components such as proteins, 
and/or sudden change in local pH in body fluid. 

The thus obtained product may contain zinc at an amount of fix)m 0.6ppm to 
13% by weight, and preferably from 120ppm to 13% by weight. From this range of 
zinc content, the range of content of ZnO component is calculated by mxiltiplying the 
zinc content by 1.244 that corresponds to the formvda weight ratio of ZnO to Zn. 
Based on the content of ZnO component calculated from this range of zinc content, 
the contents of P2O5, CaO and H2O components may be selected within the range of 
33-57 % by weight of P2O5, 10-65% by weight of CaO and 0*28% by weight of H2O, so 
that the sum of the percentages of the ZnO component, P2O5 component, CaO 
component and H2O component equals 100%. 

The mia-opartide may contain zinc at ari amoxmt of from 0.6ppm to 13% by 
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weight for the following reasons. 

Zinc is present as an essential trace element at an amount of O.Sppm-l.lppm 
by weight in saliva, body fluid and blood obtained jfrom a healthy human, while the 
corresponding amount is 0.5ppm-0.8ppm by weight in a patient with zinc deficiency 
or marginal zinc deficiency. 

It should be noted that, for zinc-mediated therapeutic and supplemental 
purposes, the suspension or particle-solvent mixture system according to the present 
invention should contain microparticles with a zinc concentration higher than that 
contained in body fluid firom a patient with zinc deficiency or marginal zinc 
deficiency. 

Accordingly, the lower limit of zinc (x>ntent in the micropartide is to be set to 
0.6ppm by weight. In other words, none or little therapeutic and/or supplemental 
effect may be expected on zinc deficiency when less than 0.6ppm by weight of zinc is 
used. 

On the other hand, the above-described upper limit of zinc content in the 
microparticle was determined based on the maximimi zinc content which may not 
degrade the bicKX)mpatibility of the resulting suspension. Particularly, it was 
determined based on the range of zinc content which may not degrade the 
biocompatibility as detennined by animal tests using sparingly soluble 
zinc-containing calciimi phosphate according to the present invention. We 
confirmed that up to 12.07% by weight of zinc wovdd hot substantially degrade the 
biocompatibility (Example 7). Based on the findings, the maximum zinc content is 
set to about 13% by weight since it may be contemplated that the diJBference between 
the res\flts obtained with 12.07% and 13% by weight of zinc might be subtle. This 
range of zinc content may ensure safeness. 

Further, the spaiingly soluble zinc-containing calcium phosphate with zinc 
content of the above-described range may be used in combination with any 
osteogenic component or components. Examples of such osteogenic component 
includes compoimds such as calciimi phosphate or tricalcium phosphate as weU as 
calcium formulations such as calcium caibonate, calcium lactate or calcium 
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gluconate. Osteogenic components further include osteogenic vitamin-D, a 
-calcidol, esti'ogen-related preparations, calcitonin, bisphosphonate and the like. 

Apredpitate of previously prepared spai-ingly soluble zinc-containing calcium 
phosphate compound with zinc content of the above-described range, dry product 
thereof, optionally sintered product thereof, and/or miaxjpartide thereof may be 
mixed v^ith any dry calcium compoxmd or compounds (such as caldum phosphate, 
tricalcium phosphate, caldum carbonate, calciimi lactate, calcium gluconate or the 
like), optionally sintered product thereof and/or microparticle thereof, in order to 
produce a sparingly soluble zinc-containing caldum phosphate compoimd which 
contains microparticle additive of the caldum compound or compounds at a 
predetermined range of content. 

The thus obtained microparticle of sparingly soluble zinc-containing caldtim 
phosphate may be dispersed and suspended in a hquid media to prepare a 
suspension or a particle -solvent mixture system. Further, osteogenic vitamin -D, 
a-calddol, estrogen-related preparations, calcitonin and/or bisphosphonate maybe 
added to the hquid media to obtain a suspension or a partide solvent mixture 
system which contains the predetermined amoimts of these additives. 

Sparingly soluble zinc-containing caldum phosphate can be then 
administered to a human or animal after dispersing the microparticles of the 
compoxmd in a Hquid media. Thus, it is important for the present invention to 
disperse and suspend the micropartides of the compound in a hquid for more than a 
few seconds. 

In this way, sparin^y soluble zinc-containing caldum phosphate may be kept 
dispersed in solvent at least dming medical ti-eatment such as injection. 

This may enable direct administration in vivo of a suspension or 
paiticle-solvent mixture system in a dosage form such as foimulations for oral or 
parenteral administration, plasters, ointments, suppositories or the like. Such 
formulations can have high biocompatibihty because of slow release of zinc fi'om the 
micropaiiides. 

The amount of the mia-opartide of sparingly soluble zinc-containing caldvun 



16 



phosphate to be dispersed and suspended in a liquid media may be calculated fi-om 
the amount of zinc required and the zinc content of the sparingly soluble 
zinc-containing calcium phosphate. The calculated amoimt is a dose of 
microparticles. 

Based on the calculated dose, the hqviid media may be suitably determined 
such that the sedimentation velodty of the microparticle, which can be determined 
by taking into consideration the particle size of the microparticle and the viscosity of 
the hquid used as described below, may fall within a target range. 

The microparticle and liqvdd media may be mixed at such a ratio that the 
resulting suspension or particle-solvent mixture system containing sparingly soluble 
zinc-containing calcium phosphate may have a suitable viscosity so that it can be 
used for treatment by, for example, administration thereof. 

In other words, the total viscosity of the suspension or particle-solvent 
mixture system may be selected such that it is kept at 3000Pa s or lower, and 
preferably 300Pa s or lower, for 2 seconds or longer, and preferably for 10 seconds or 
longer at room temperature. Lower viscosity may also be used. Suspension or 
partide-solvent mixtxire system having almost the same viscosity as that of water 
can also be used with no or Uttle problem. Therefore, the lower limit of the viscosity 
may be set to l.OOmPa s, which con-esponds to that of water at 20*C 

The upper limit of viscosity was set to 3000Pa s by taking into consideration 
the following factors* the viscosity of SOOOPa s corresponds to the melt viscosity of 
MXD6-G (a polyamide having a molecular weight of 40,000) at 260^1;; a fluid having 
a higher viscosity than 3000Pa s may not have enough fluidity to flow through the 
bore of a syringe needle or catheter even when pressurized nor, unlike an ointment, 
be deformed by pressing with hands. As apparent fi-om above, a suspension or 
particle-solvent mixture system having a viscosity over SOOOPa s cannot be injected 
to a body by using a syiinge or catheter, nor be used as a plaster or ointment. 

It should be noted that, in the thus-obtained suspension or partide-solvent 
mixture system according to the present invention which comprises spaiingly 
soluble zinc-containing calcium phosphate dispersed and suspended in a solvent, the 
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sparingly soluble zincxontaining calcium phosphate should be kept suspended in 
the solvent for 2 seconds or longer, and preferably for 10 seconds or longer. When 
administered to an animal or himian, it is required that the micropartides should be 
dispersed without sedimentation. Therefore, sparingly soluble zinc-containing 
calcium phosphate should be kept dispersed in the solvent for a predetermined 
period of time when administered, whereby it can be administered to an animal or 
human. 

For example, a composition comprising sparingly soluble zincxontaihing 
calcium phosphate dispersed and suspended in a solvent can be poured or filled in a 
container for oral dosage (a cup) or a syringe for injection. Such a container or 
syringe may have a length or depth of up to about 8cm. The composition of 
sparingly soluble zmc-containing calcium phosphate may be prepared so that it has 
a particle sedimentation velocity (particle herein refers to microparticle of sparingly 
soluble zinc-containing calcium phosphate) of 4cm/s or less, and preferably 0.8cm/s 
or less. The sedimentation velocity depends on specific gravity and particle size of 
the sparingly soluble zinc-containing csQcixmi phosphate, as weU as viscosity of the 
hquid media. Therefore, the sedimentation velocity can be controlled through these 
factors. In this way, it may be kept suspended in the solvent in the container for 2 
seconds or longer, and preferably 10 seconds or longer. This may ensure the time 
required for administration to a human or animal. 

Liquid media for solvent may be selected which can provide a viscosity of 
3000Pa s or less, and preferably SOOPa s or less of the resvdting suspenision or 
partide-solvent mixtvtre system in order to ensure the fluidity of the resulting 
suspension or partide-solvent mixture system as described above. Particular 
examples of such hquid may indude^ water miscible solvents such as physiological 
saline, aqueous solution of 2.5% by weight or less of sodivim chloride, Ringer's 
solution, pmified water, distilled water for injection, distilled water, physiological salt 
solution, propylene glycol and ethanol; water-immisdble solvents such as 
triglyceride, safflower oil, soybean oil, sesame oil, rape seed oil and peanut oil; and 
polyethylene glycols (Maa-ogol). Propylene glycol or ethanol may be mixed with an 
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appropriate amount of physiological saline, Ringer's solution, pvtrified water, distilled 
water for injection or distiQed water prior to use. 

In this way, a suspension or particle-solvent mixture system comprising 
spaiingly soluble zinc-containing calcixmi phosphate for sustained release of zinc can 
be obtained which can be administered orally or parenterally without requiring any 
siurgical operation, have high biocompatibiiity and provide long-lasting sustained 
release of zinc. 

Particle sedimentation velocity (particle herein refers to microparticle of 
sparingly soluble zinc-containing calcixmi phosphate) can be measured xmder these 
conditions- 

An equation can be derived by using Stokes' law as described below. Particle 
sedimentation velocity can be calctQated by using this equation. Briefly, the particle . 
size and the specific gravity and viscosity of the solvent may be used to calcvdate the 
particle sedimentation velocity. Particle sedimentation velocity (V) can be 
calcvdated fi:om the radius of particle (r), the specific gravity of solvent (dl), the 
specific gravity of particle (d2), the viscosity of solvent (n) and the gravitational 
acceleration (g) as follows- 

V=2gr2(d2-dl)/9n. 

Conversely, a solvent can be selected using the above-described equation by 
substituting any desii able parameter (V) within the above-described range (particle 
sedimentation velocity of 4cm/s or less, preferably 0.8cm/s or less), an experimentally 
determined particle size (e.g., an average particle size determined from partide-size 
distribution) and specific gravity of the particle. In other words, a linear 
relationship can be obtained between the specific gravity and viscosity of solvent as 
described below by using the above-described equation and substituting values of 
sedimentation velocity (V), particle radius (x) and specific gravity of a particle (dl) as 
follows- 
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d 1 = d2 - (9V/2gr2)n = A - B • n 

wherein A and B are constants. Selecting a solvent having a specific gi avity (dl) 
and viscosity (n) confoi-ming to the abdve-desoibed equation may lead to obtain 
target sedimentation velocity. 

In this way, a combination of particle size land solvent can be determined such 
that the resulting suspension has a partide sedimentation velocity of 4cm/s or less 
(preferably 0.8cm/s or less). 

Although these equations have been derived on the premise that Stokes* law 
can be appHed to a hquid which shows Newtonian flow, these may also be applicable 
to a liquid which shows non-Newtonian flow without causing any substantial 
problems since the range of sedimentation velocity is so small. 

When a transparent solvent is used, a suspension may be irradiated with a 
semiconductor laser beam to determine sedimentation velocity from the time 
required xmtil the optical path becomes visible. For irradiation, a semiconductor 
laser of less than ImW (JIS dass II 650nm) may be used. First, the minimum 
concentration of a partide in suspension may be determined at which the inddent 
laser beam is completely scattered so that no optical path is visible. Next, the 
suspension at the minimuni particle concentration may be left to stand in order to 
allow some suspended particles to sediment with time. The sedimentation of 
partides wiU allow the incident laser beam to transmit through the suspension so 
that a linear optical path wiQ appear (Tyndall effect). 

In summaiyi the sedimentation velodty of a partide can be calculated fix)m 
the time of partide sedimentation determined by irradiating the suspension with a 
semiconductor laser of less than ImW (JIS class II 650nm) and determining the 
time requh^ed imtil the optical path of the incident laser transmitting thi-ough the 
suspension become visible, and particle sedimentation distance. 

Efiects of spaiingly soluble zinc-containing calcium phosphate according to 
the present invention can be confirmed as follows. 

Effects of sustained release of zinc can be assayed by comparing the result 
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obtained by administration of sparingly soluble zinc-containing calcium phosphate 
according to the present invention with one obtained by administration of zinc-free 
calcium phosphate. 

Fvirther, biocompatibility may also be conj5xmed by observing the cells or 
tissues to which sparingly soluble zinc-containing calcium phosphate has been 
administered. 

Results obtained by administration of sparingly soluble zinc-containing 
calcium phosphate may be compared with those obtained by administration of 
zinc-free calcium phosphate as described below. 

A comparison may be performed among groups of rats which received a 
normal diet (group N); those that received injection of a calcium phosphate with 
different amounts of zinc (groups Dl and D2); and those that received injection of 
zinc-free 0 -tricaldum phosphate (group D3). 

Particularly, female Wistar rats (for example, 5 weeks) are divided to prepai-e 
4 groups and bred, grown (for example, for 9 weeks) using the following conditions to 
induce disease- 

group N- without ovariectomy, received normal diet; 

group Dl : ovariectomy, received diet with low levels of zinc and vitamin D; 
group D2 : ovariectomy, received diet with low levels of zinc and vitamin D; and 
gi'oup D3 : ovariectomy, received diet with low levels of zinc and vitamin D. 

By the 9th week, rats of groups D1-D3 will develop zinc- deficiency- type 
osteoporosis. Next, rats in groups N and Dl "receive a diet supplemented with Ca 
and an intramusculai- injection of a suspension of microparticles of zinc-containing 
/3 -tricalcivma phosphate containing 6.17% by weight of zinc", group D2 "receives a 
diet supplemented with Ca and an intramuscular injection of suspension of 
micropai'ticles of zinc-containing j3 -tricalcium phosphate containing 12.05% by 
weight of zinc" and gi^oup D3 "receives a diet supplemented with Ca and an 
intramuscular injection of a suspension of zinc-free i8 -tricalciimi phosphate". 
Suppljdng a diet supplemented with Ca coiTesponds to administration of osteogenic 
materials, e.g., oral administration of a calcixma containing preparation to a human. 
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Group N will be kept in a normal condition while group D3 will be still in 
condition of zinc deficiency -type osteoporosis. The abihty of a suspension of 
sparingly soluble zinc-containing calcium phosphate (gi'oups Dl and D2) to make 
the rats recover fi:om zincdeficiency-type osteoporosis can be evaluated by 
comparing conditions of rats between groups D1-D3 and N. 

A suspension may be administered intramuscularly at the left thigh once a 
week for each group. Each suspension contains lOmg of microparticles having a 
particle size of 38 microns or smaller suspended in 0.2ml of physiological saline 
solution. 

At 18 weeks G.e., 9 weeks after intramuscular injection started), bone density 
is compared between group D3, which has been injected with a suspension of 
zinc-jfree iS -tricaldvan phosphate, and groups Dl and D2, which have been 
administered with a suspension of zincxontaining i3 -tricalcivmi phosphate. 

In this way, the ability of sparingly soluble zinc-containing calcium phosphate 
to cure animal or patient of zincdefidency-type osteoporosis locally through zinc 
slowly released fix)m the sparingly soluble zinc-containing calcium phosphate and 
possibly to prevent bone firacture may be examined by administering a suspension of 
sparingly soluble zinc-containing caldum phosphate in the vicinity of the site 
affected by zinc- deficiency -type osteoporosis. 

Both right and left thigh bones were removed fi:om the rats at 18 weeks (i.e., 
9 weeks after intramuscular injection started), and determined for three-point 
bending strength of the bones by a three-point bending test using an Instron type 
imiversal tester. 

Paiticvdarly, failure strength is determined by a three-point bending test in 
the thigh bones fix)m the rats of group N and rats of group D3, to which a suspension 
containing zinc-free i8 -tricalcivmi phosphate has been injected. On the other hand, 
failm-e strengths of thigh bones fi^om rats in gi'oup Dl, which has been injected with 
a suspension of microparticles of zinc-containing jS -tricaldum phosphate containing 
6.17% by weight of zinc, and fi^om rats in gi-oup D2, which has been injected with a 
suspension of microparticles of zinc-containing jS -tricalciimi phosphate containing 
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12:05% by weight of zinc, are determined. In this way, the effect on improvement in 
bone stx'ength through administering a suspension of spaiingly soluble 
zinc-containing caldum phosphate in the vicinity of the bones affected by 
zihc-defidency-type osteoporosis can be examined. 

Next, it may be examined if there is any flush or alopecia in and aroxmd the 
site where sparingly soluble zinc-containing calcium phosphate has been 
administered. Further, the muscular tissue in the vicinity of the affected bones 
may be dissected to examine if there is any inflammatory exudate, inflammation or 
graniilation tissue, thereby evaluating the biocompatibility of the sparingly soluble 
zinc-containing caldimi phosphate. 

A suspension or partide-solvent mixture system which contains 
microparticles of the sparingly soluble zinc-containing calcium phosphate compoimd 
according to the present invention is characterized in that the sparingly soluble 
zinc-containing calciimi phosphate has high biocompatibility and can compensate for 
a shortage of zinc eflEidently over a long period of time and in that the micropartides 
are suspended or dispersed in a water misdble or immisdble solvent. These 
characteristics enable oral or parenteral local administration of the suspension or 
particle'soivent mixtxire. The suspension or partide solvent mixture system can 
act as a drug which has high biocompatibility with tissues with which the drug is 
brought into contact. A suspension or partide solvent mixture system containing a 
higher amoimt of zinc may have greater effects on zinc deficiency. 

A suspension or particle-solvent mixture system containing micropartides of 
a smaller size which consist of zinc-containing caldum phosphate compound, may 
release zinc faster, while one containing micropartides of greater size may release 
zinc slowly 

Further, a sparingly soluble zinc-containing calcivmi phosphate compound 
may be used in combination with any calciima containing preparation to enhance the 
abiUty of the drug to tr-eat osteoporosis. 

Additionally, local treatment may be possible by administering sparingly 
soluble zinc-containing caldum phosphate compound in the vidnity of a bone, for 
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example, by injection. 

Hereinafter, the present invention will be described in more detail in 
reference to the following examples though they are not intended to limit the scope 
of the invention. 

Examples 
Example 1 

Ca(OH)2 (3.24moD, H3PO4 (2.40 moD and Zn(N03)2 • 6H2O (0.360mol) were 
added to extra pxare water, and the mixture was stirred to obtain a precipitate. 

The precipitate was collected by filtration and dried to obtain a dry product 
which was then heated at 850*C and granulated to give calcixmi phosphate powder 
which contained 12.07% by weight of zinc. 

It was confirmed by X-ray dififraction that the zinc-containing calciiim 
phosphate powder was a mixture of zinc-containing jS -tricalciimi phosphate and 
CaZn2(P04)2. 

The zinc-containing calciimi phosphate powder was mixed with pure 
tricalciimi phosphate powder, heated at 850*C for 5 hours followed by heating at 
lOOO^C for 5 ho\rrs to give a powdery product which contained fix>m 316 ppm to 
6. 17% by weight of zinc. It was confii-med that the zinc-containing calcium 
phosphate powder was zinc-containing jS -tricalciimi phosphate. 

The thus obtained powder was classified and suspended in pseudo body fluid, 
physiological saline solution, distiQed water, rape seed oil or alcohol to the I'atio of 
2mg solid/ml hquid, and the sedimentation velocity of particles was determined. 

The suspension or particle-solvent mixture system having the 
above-described sohd-hquid ratio was iiTadiated with a semiconductor laser of less 
than 1 mW (JIS class II 650nm) at an optical path length of lOmm. During all 
particles were suspended, no optical path was visible in the suspension or 
particle-solvent mixture system, since the incident laser was completely diffused. 
After pait of suspending particles sedimented with time, the suspension or 
particle-solvent mixture system was irradiated with a semiconductor laser of less 
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than 1 mW (JIS class II 650nin) and then the incident laser was able to transmit 
through the suspension or particle-solvent mixtui-e system and a linear optical hne 
appeared due to the lyndall effect. The time required imtil the linear optical hne 
became visible could be measured, and particle sedimentation velocity was 
calcxalated from the time measured and the distance of particle sedimentation. 
The results are shown in Table 1 below. 

Aqueous and alcohol suspensions and particle-solvent mixture systems had a 
viscosity within the range of 1.0-1.2mPa s, and rape seed oil suspension and 
particle-solvent mixture system had a viscosity of 200-1000 mPa s, all of which were 
less than 300Pa s. 



Table 1 



Zn particle size powder wt 
content (am) (me^ 


Solvent Solvent vol.- 
(ml) 


Sedimentation 
velocity (cm/s) 


6.17% 


60-35 


10 


pseudo body flmd 


0.5 


0.65 


6.17% 


35 or smaller 


10 


pseudb body fluid 


0.5 


0.33 


12.05% 


60-35 


10 


saUne 


0.5 


0.55 


6.17% 


60-35 


10 


saline 


0.5 


0.45 


316ppm 


75-35 


10 


distilled water 


0.5 


0.05 


316ppm 


35 or smaller 


10 


distilled water 


0.5 


0.02 


316ppm 


75 or larger 


10 


rape seed oil 


0.5 


0.12 


316ppm 


75-35 


10 


rape seed oil 


0.5 


0.01 


316ppm 


35 or smaller 


10 


rape seed oil 


0.5 


0.006 


316ppm 


75-35 


10 


alcohol 


0.5 


0.023 


316DDm 


35 or smaller 


10 


alcohol 


0.5 


0.015 



Table 1 above shows the behaviors of a variety of suspensions or 
particle-solvent mixture systems, which contained micropailides of zinc-containing 
i3 -tricalcivim phosphate dispersed and suspended in different solvents. 
Sedimentation velocity was 0.8cm/s or lower for aU of these suspensions, indicating 
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that these suspensions can be administered orally or parenterally. 
Example 2 

Ca(OH)2, H3PO4 and Zn(N03)2'6H20 were added to extra pvtre water such 
that zinc was present at an amoimt of from 129 ppm to 0.129% by weight and the 
atomic ratio of (Ca+Zn)/P was 1.67 in the resulting product. The mixture was 
stirred to obtain precipitate which was then collected by filtration, dried and heated 
atSSOT:. 

Resultant products were granxilated to give zinc-containing hydroxyapatite 
powders each containing fix)m 129 ppm to 0.129% by weight of zinc. 

The zinc-containing hydroxyapatite powder was sieved with 200 mesh (pore 
size: 75 Mm) and suspended, alone or in combination with pure hydroxyapatite and 
tricalciimi phosphate microparticle, in distilled water, rape seed oil, 35%PEG 
solution or alcohol at a ratio of 2mg soHd/ml hquid, and suspending time was 
determined. The sxispending time was determined by irradiating the suspension 
with a semiconductor laser of less than ImW (JIS class II 650nm) and determining 
the time required until the incident laser transmitting through the suspension could 
be observed by eye. The resxdts are shown in Table 2 below. Viscosity was as 
foUows: 1.0-1.2mPa s for distilled water and alcohol," 200-1000 mPa s for rape seed 
oU; and 150-300 mPa s for 35% polyethylene glycol (PEG) solution, all of which were 
less than 300 Pas. 



Table 2 

Zn Particle size Powder Solvent Solvent Sediment. Microparticle 

content (um) wt. (mg) vol.(ml) velocity 



(cm/s) 


0.129% 


75 or smaller 


10 


distilled water 


0.5 


0.03 


ZnHAP 


0.129% 


75 or smaller 


10 


rape seed oil 


0.5 


0.015 


ZnHAP 


0.129% 


75 or smaller 


10 


35%PEG 


0.5 


0.011 


ZnHAP 


0.129% 


75 or smaller 


10 


alcohol 


0.5 


0.25 


ZnHAP 
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650ppm 


75 or smaller 


10 


distilled water 


0.5 


0.04 


ZnHAP 














+ HAP 


650ppm 


75 or smaller 


10 


rape seed oil 


0.5 


0.02 


ZnHAP 














+ HAP 


650ppm 


75 or smaller 


10 


35%PEG 


0.5 


0.013 


ZnHAP. 














+ HAP 


650ppm 


75 or smaller 


10 


alcohol 


0.5 


0.18 


ZnHAP 














+ HAP 


129ppin 


75 or smaller 


10 


distilled water 


0.5 


0.04 


ZnHAP 


129ppin 


75 or smaller 


10 


rape seed oil 


0.5 


0.035 


ZnHAP 


129ppm 


75 or smaller 


10 


35%PEG 


0.5 


0.008 


ZnHAP 


129ppm 


75 or smaller 


10 


alcohol 


0.5 


0.166 


ZnHAP 


129ppm 


75 or smaller 


10 


distilled water 


0.5 


0.045 


ZnHAP 














+ TCP 


129ppm 


75 or smaller 


10 


rape seed oil 


0.5 


0.04 


ZnHAP 














+ TCP 


129ppin 


75 or sxtiaUer 


10 


35%PEG 


0.5 


0.01 


ZnHAP 














+ TCP 


129ppm 


75 or smaller 


10 


alcohol 


0.5 


0.12 


ZnHAP 



\ -hTCP 

ZnHAP : zinc-containing hydroxyapatite; 
HAP : zinc-free hydroxyapatite; 
TCP : zinc-free tricaldimi phosphate; and 
PEG : polyethylene glycol. 

Table 2 above shows the behaviors of a variety of suspensions and 
particle-solvent mixture systems, which contained microparticles of zinc-containing 
hydroxyapatite, zinc-containing hydroxyapatite and tricalcium phosphate, or 
zinc-containing hydroxyapatite and hydroxyapatite dispersed and suspended in 
different solvents. Sedimentation velocity was 0.8cm/s or lower for all of these 
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suspensions and particle-solvent mixtiu^e systems, indicating that these suspensions 
and particle-solvent mixture systems can be administered orally or parenterally. 

Example 3 

Ca(OH)2, H3PO4 and Zn(N03)2 - 6H20 were added to extra pure water so that 
zinc was present at an amovmt of 65 ppm by weight and the atomic ratio of 
(Ca+Zn)/P was 1.67 in the resvilting product to obtain precipitate. 

The precipitate was collected by filtration, dried and granulated to obtain 
65ppm of zinc-containing poorly-crystallized hydroxyapatite powder, which was then 
classified and suspended in distilled water, rape seed oil or 35%PEG solution at a 
ratio of 2mg sohd/ml liquid, and suspending time was determined as described 
above. 

The suspending time was determined by irradiating the suspension or 
particle-solvent mixture system with a semiconductor laser of less than ImW (JIS 
class II 650nm) and determining the time reqvdi-ed imtil the optical path of the 
incident semiconductor laser transmitting through the suspension or 
partide-solvent mixture system coiald be observed by eye. The results are shown in 
Table 3 below. X^scosity was as follows^ 1.0-1.2mPa s for distilled water; 200*1000 
mPa s for rape seed oil; and 150 300 mPa s for 35% PEG solution, all of which were 
less than 300Pa s. 

Table 3 

Zn Partidesize Powder Solvent Solvent Sedimentation 
content (uiii) wt. (mg) vol.(mD velodtv (cm/s) 



65ppm 


75 or larger 


10 


distilled water 


0.5 


0.25 


65ppm 


75-38 


10 


distilled water 


0.5 


0.041 


65ppin 


38 or smaller 


10 


distilled water 


0.5 


0.041 


65ppin 


75 or lai^r 


10 


rape seed oil 


0.5 


0.25 


65ppin 


75-38 


10 


rape seed oil 


0.5 


0.05 


65ppin 


38 or smaller 


10 


rape seed oil 


0.5 


0.021 
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65ppm 75 or larger 10 
65ppm 75-38 10 
65 ppni 38 or smaller 10 



35%PEG 
35%PEG 
35%PEG 



0.5 0.25 
0.5 0.014 
0.5 0.013 



PEG : polyethylene glycol. 



Table 3 above shows the behaviors of a variety of suspensions and 
particle'solvent mixture systems, which contained microparticles of zinc-containing 
poorly-crystallized hydroxyapatite dispersed and suspended in distilled water, rape 
seed oil or polyethylene glycol solution. Sedimentation velocity was 0.8cm/s or 
lower for all of these suspensions, indicating that these suspensions can be 
administered orally or parenterally. 



Example 4 

Ca(OH)2, H3PO4 and Zn(N03)2 were mixed and added to extra pure water so 
that the atomic ratio of (Ca+Zn)/P was 1.50 in the resvilting product, and the mixture 
was stirred to obtain precipitate. 

The precipitate was collected by filtration, dried, granulated and heated at 
1400TI) for 5 hoxirs to obtain zinc-containing a. -tricaldiun phosphate, which was 
then classified to collect those having a particle size of 38" 106 microns and 
suspended in distilled water or rape seed oil at a ratio of 2mg sohd/ml hquid, and 
suspending time was determined. The suspending time was determined by 
irradiating the particle solvent mixtiore system with a semiconductor laser of less 
than ImW (JIS class II 650nm) and determining the time requii'ed until the optical 
path of the incident laser transmitting through the partide-solvent mixture system 
covdd be observed by eye. The results are shown in Table 4 below, "^scosity was 
as follows* 1.0-1.2mPa s for distilled water; and 200-lOOOmPa s for rape seed oil, 
both of which were less than 300 Pa s. 

Table 4 

Zn Particle size Powder wt. Solvent Solvent Sedimentation 
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content ( U m) (mg) vol. (ml) velocity (cm/s) 

0.126% 38-106 10 distilled water 0.5 0.25 

0:126% 38-106 10 distilled water 0.5 0.166 

0.568% 38-106 10 distilled water 0.5 0.166 

0.568% 38-106 10 rape seed oil 0.5 0.25 

Table 4 above shows the behaviors of partide-solvent mixture systems, which 
contained microparticles of zinc-containing a -tricaldvim phosphate dispersed and 
suspended in distilled water or rape seed oil. Sedimentation velocity was 0.8cm/s or 
lower for all of these suspensions, indicating that these particle-solvent mixtm*e 
systems can be administered orally or parenterally. 



Example 5 

H3PO4 (4.89g, equivalent to 5.76g of 85% phosphoric acid) was added to water 
(87.75g) to obtain a diluted phosphoric acid solution. Then, calcium carbonate (5g) 
and zinc nitrate hexahydrate (0.06-4.095g) were added to the solution at room 
temperature. The molar ratio of phosphoric acid to calcium in the solution was 1^1. 
After the mixture was continuously stirred for 12 hours, precipitate was collected by 
filtration arid dried at room temperature. It was confirmed by X-ray diffiraction for 
powder that zinc-containing calcium hydrogenphosphate dihydrate was obtained 
when 0.25g or less of zinc nitrate hexahydrate was added, while zinc-containing 
calcium hydrogenphosphate dihydrate and CaZn2(P04)2 • nH20(n=2) were obtained 
when more than 0.25g of zinc nitrate hexahydrate was added. These powdery 
products were classified to collect those having a particle size of 38 microns or 
smaller, and optionally mixed with 50% by weight of calciimfi carbonate powder, and 
suspended in rape seed oil, 35% polyethylene glycol (PEG) solution or 60% 
polyethylene glycol (PEG) solution at a ratio of 2mg soHd/ml hquid, and suspending: 
time was determined. The suspending time was determined by in-adiating the 
suspension with a semiconductor laser of less than 1 mW (JIS class II 650nm) and 
detennining the time required until the optical path of the incident laser 
transmitting through the suspension could be observed by eye. The results are 
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shown in Table 5 below. Viscosity was as follows' 200-lOOOmPas for rape seed 
oil; 150-300mPa s for 35% PEG; and l-3Pa s for 60% PEG, all of which were less 
than 300 Pa s: 

Table 5 



Zn Particle size Powder Solvent Solvent Sediment. Micropartide 

content (um) wt. (mg) vol. (ml) velocity (cm/s) 



0.15 % 


38 


or 


smaller 


10 


rape seed oil 


0.5 


<0.01 ZnDCPD 


0.15 % 


38 or smaller 


10 


35%PEG 


0.5 


<0.01 ZnDCPD 


0.15 % 


38 


or 


smaller 


10 


60%PEG 


0.5 


<0.01 ZnDCPD 


1.10 % 


38 


or 


smaller 


15 


rape seed oil 


0.75 


<0.01 ZnDCPD+SH+CC 


1.10 % 


38 


or 


smaller 


15 


35%PEG 


0.75 


<0.01 ZnDCPD+SH+CC 


1.10 % 


38 


or 


smaller 


15 


60%PEG 


0.75 


<0.01 ZhDCPD+SH+CC 


12.0 % 


38 


or 


smaller 


15 


rape seed oil 


0.75 


<0.01 ZnDGPD+SH+Ce 


12.0 % 


38 


or 


smaller 


15 


35%PEG 


0.75 


<0.01 ZnDCPD+SH+CC 


12.0 % 


38 


or 


smaller 


15 


60%PEG 


0.75 


<0.01 ZnDCPD+SH+CC 



ZnDCPD : zinc"COhtaining caldum hydrogenphosphate; 
SH : CaZn2(P04)2MiH20(n==2); and 
CC- caldvun carbonate. 

Table 5 above shows the behaviors of a variety of suspensions, which 
contained micropartides of zinc-containing calcium hydrogenphosphate, 
zinc-containing caldum hydrogenphosphate and caldtim carbonate, or 
zinc-containing caldimi hydrogenphosphate and CaZn2(PO • nH20Gi=2) and 
caldum carbonate, dispersed and suspended in rape seed oil, 35% PEG or 60% PEG. 
Sedimentation velocity was 0.8cm/s or lower for all of these suspensions, indicating 
that these suspensions can be administered orally or parenterally 

Example 6 

Wistar rats (5 weeks, female) were used to prepare 4 groups as follows and 
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breeded for 9 weeks* 

group N- without ovariectomy, received normal diet; 

group Dl : ovariectomy, received diet with low levels of zinc and vitamin D; 
group D2 : ovariectomy, received diet with low leyels of zinc and vitamin D; and 
group D3 : ovariectomy, received diet with low levels of zinc and vitamin D 

The rats of groups D1-D3 developed zincdeficiency-type osteoporosis by the 
9th week. Next, rats in groups N and Dl "received a diet supplemented with Ca 
and an intramuscidar injection of suspension of micropaticles of zinc-containing ^ 
-tricaldum phosphate containing 6.17% by weight of zinc". 

likewise, group D2 "received a diet supplemented with Cia and an 
intramuscular injection of suspension of micropartides of zinc-containing 13 
-tricalcium phosphate containing 12.05% by weight of zinc". 

Likewise, group D3 "received a diet supplemented with Ca and an 
intramuscular injection of a suspension containing zinc-fi-ee 0 -tricalcivim 
phosphate". Supplying a diet supplemented with Ca coi-responds to oral 
administration of a calcium containing preparation. 

As a result, group N was kept in a normal condition while group D3 was stiU 
in condition of zinc-deficiency-type osteoporosis. 

The ability of suspensions of sparingly soluble zinc-containing caldum 
phosphate (gi-oups Dl and D2) to cure animals of zincdefidency-type osteoporosis 
was evaluated by comparing conditions of rats between groups D1-D3 and N. 

Suspensions were injected intramuscvdarly at the left thigh once a week for 
each group. Each suspension contained lOmg of micropaiticles having a partide 
size of 38 microns or smaller suspended in 0.2ml of physiological sahne solution. 

Results were as follows. 

At 18 weeks (i.e., 9 weeks after intramuscular injection started), the bone 
mineral density of the left-thighs from rats of group D3, which had been injected 
with zinc-fi^e jS -tricalcium phosphate suspension, was 73% relative to that of group 
N(100%). 

On the other hand, the bone mineral density deft-thigh) of rats in group Dl, 
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which had been injected with a suspension containing zinc-containing jS -tricaldum 
phosphate containing 6.17% by weight of zinc, was unproved to. 84% relative to 
group N (100%), which was statistically significant (p<0.05). 

Moreover, the bone mineral density Qeft-thigh) of rats in group D2, which had 
been injected with a suspension containing zinc-containing caldvun phosphate 
containing 12.05% by weight of zinc, was further improved to 90% relative to gioup 
N (100%), which was also statistically si^iificant (p<0.005) (Figm-e l). 

Bone mineral density of the right thigh, to which a suspension was not 
injected, was significantly lower than that of the left thigh. 

These resvdts indicate that- 
-administriation of Ca alone will not help to cvtre animal or patient of 
zinc-deficiency type osteoporosis? and 

-zinc-deficiency-type osteoporosis can be locally ameliorated by administration of Ca 
followed by local administration of a suspension of sparingly soluble zinc-containing 
calcixun phosphate in the vicinity of the bone affected by zinc-deficiency-type 
osteoporosis, which provides sustained release of zinc firom the sparingly soluble 
zinc-containing calcium phosphate. These resxdts suggest the possibility that such 
a suspension is able to prevent bone firactvire. 

Example 7 

Thigh bones were removed fi:om the rats in each group prepared in Example 
6 at. 18 weeks (i.e., 9 weeks after intramuscular injection started), and determined 
for three-point bending strength by a three-point bending test using an Instron type 
imiversal tester. As a result, rats in group D3, to which a suspension containing 
zinc-fi'ee jS -tricalcium phosphate had been injected, had a failure strength of 64% 
relative to that of groups N (100%). 

On the other hand, failm^e strength of left- thigh bone from rats in group Dl, 
to which a suspension of zinc-containing i8 -tricalcium phosphate containing 6.17% 
by weight of zinc had been injected, was improved to 76% relative to group N (100%), 
which was statistically significant (p<0.05). 
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Failure strength of left-thigh bone fi'om rats in group D2, to which a 
suspension of zinc-containing calcium phosphate containing 12.05% by weight of 
zinc had been injected, was also improved up to 76% relative to gi'oup N (100%), 
which was statistically significant (p<0.005) (Figure 2). 

These results indicate that- 

- administration of Ca alone will not substantially help to cure animal or patient of 
zinc-deficiency-type osteoporosis! and 

- zinc deficiency-type osteoporosis can be effectively ameUorated by administration of 
Ca followed by local administration of a suspension of sparingly soluble 
zinc-containing calcivun phosphate in the vicinity of the bone affected by 
zinc-defidency-type osteoporosis, which provides sustained release of zinc firom the 
sparingly soluble zinc-containing caldimi phosphate. These results show the 
ability of the suspension to improve bone strength. 

Also, there were no abnormal symptoms such as flush or alopecia on the skin 
of the site where the suspension was injected. The muscular tissues to which the 
suspension had been injected were dissected to find no inflammation, inflammatory 
exudate or granulation tissue in the tissues with which suspension had been 
brought into contact. No difference was observed on the skin or muscular tissues 
by visual inspection between group D2 (Figure 3), which received a suspension of 
zinc-containing /3 -tricalcivmi phosphate containing 12.05% by weight of zinc, and 
group D3 (Figure 4), which received a suspension of jS -tricalcium phosphate. 
These results indicate that the suspension of zinc-containing j3 -tricalcivim phosphate 
containing 12.05% by weight of zinc has biocompatibility equivalent to that of a 
suspension of highly biocompatible (3 -tricalciimi phosphate, which is widely used 
clinically as granular or porous ceramic implant for bone tissue. 

Industrial Apphcabilitv 

As described above, zinc-containing caldum phosphate with particular 
chemical composition, specifically, sparingly soluble zinc-containing calciima 
phosphate, which has high biocompatibihty and provides long-terai sustained 
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release of zinc, can be administered orally as well as parenterally by using a 
suspension or a particle-solvent mixture system which contains the sparingly soluble 
zinc-containing calcium phosphate according to the present invention. The present 
invention can also provide zinc-containing preparations with high biocompatibility 
with the tissue with which the preparation is brought into contact. Thus, the 
present invention can be used to ti-eat diseases caused by zinc-defidency. 

All publications, patents and patent appUcations cited herein are 
incorporated herein by reference in their entirety. 
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